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PURPOSE: To make it possible to supply 
information of large capacity at a high speed 
even by the small quantity of hardware. 
CONSTITUTION: This hyper cube type 
interconnection network is provided with an 
optical frequency routing function for 
determining an output port in accordance with 
the position of an input port and optical 
frequency and an array waveguide diffraction 
grating type filter 30 for connecting the output 
light link of a prescribed node to input ports 
and connecting the input light link of a 
prescribed node to output ports. Each of 
respective nodes 000 to 1 1 1 is provided with a 
function for multiplexing the optical frequency bands of an optical signal having 
prescribed plural optical frequency bands, sending the frequency-multiplexed signal to 
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an output light link, separating the optical frequency bands of the optical frequency 
multiplexed signal inputted from an input light link, and receiving the 
frequency-separated signal. Optical frequency bands to be used in each of the nodes 
000 to 1 1 1 and the I/O ports of the filter 30 to be connected are set up so that 
respective nodes 000 to 1 1 1 are satisfied with hyper cube connecting relation. 
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CLAIMS 


[Claim(s)] 

[Claim 1] In the hyper-cube mold INTAKONEKUSHON network which interconnects in 
the nodes from which only 1 bit of the node address which indicated by binary differs 
among two or more nodes It has the optical frequency routing function in which an 
output port is determined according to the location and optical frequency of input port. 
The array waveguide diffraction-grating mold filter by which the output optical link of 
a predetermined node is connected to input port, and the input optical link of a 
predetermined node is connected to an output port is arranged. Said each node The 
optical frequency which carries out optical frequency multiplex [ of the lightwave 
signal of two or more predetermined optical frequency ], sends out to an output 
optical link, has the function which carries out optical frequency separation of the 
optical frequency multiple signal inputted from the input optical link, and is received, 
and is further used for every node, The hyper-cube mold INTAKONEKUSHON 
network characterized by being the configuration of setting up the input/output port 
of the array waveguide diffraction skeleton pattern filter to connect so that each node 
may fill the connection relation of a hyper-cube. 

[Claim 2] In a hyper-cube mold INTAKONEKUSHON network according to claim 1 The 
** node group from which the number of "1 " turns into even number when the 
address of all nodes is indicated by binary, Classify into two of the ** node groups 
from which the number of "1 " turns into odd number, and it has two array waveguide 
diffraction-grating mold filters. The output optical link of the node of said ** node 
group is connected to the input port of said 1 st array waveguide diffraction-grating 
mold filter. Connect the input optical link of the node of said ** node group to an 
output port, and the output optical link of the node of said ** node group is connected 
to the input port of said 2nd array waveguide diffraction-grating mold filter. The 
hyper-cube mold INTAKONEKUSHON network characterized by being the 
configuration of connecting the input optical link of the node of said ** node group to 
an output port. 

[Claim 3] In a hyper-cube mold INTAKONEKUSHON network according to claim 1 or 2 
Each node which forms the reserve input/output port which connects a reserve node 
to an array waveguide diffraction-grating mold filter, and contains said reserve node 
the function to which it carries out adjustable [ of the transmitted optical frequency ], 
and the function to which it carries out adjustable [ of the received optical frequency ] 


3 


JP 08-242208 


— containing — present, when the node of business becomes a failure The specific 
transmitted optical frequency and the received optical frequency of a node which are 
connected to the failure node due to a hyper-cube through said array waveguide 
diffraction skeleton pattern filter It changes to the optical frequency linked to said 
reserve input/output port. And the hyper-cube mold INTAKONEKUSHON network 
characterized by being the configuration which changes the transmitted optical 
frequency and received optical frequency of said reserve node according to the 
transmitted optical frequency and received optical frequency which were changed by 
the specific node. 

[Claim 4] In a hyper-cube mold INTAKONEKUSHON network according to claim 1 to 3 
Two or more array waveguide diffraction-grating mold filters which have input/output 
port for extension are arranged. The input/output port for extension of each of said 
array waveguide diffraction skeleton pattern filter is connected to the relation of a 
hyper-cube through the optical link for extension. The hyper-cube mold 
INTAKONEKUSHON network characterized by being the configuration that the 
transmitted optical frequency and received optical frequency by which routing is 
carried out to said input/output port for extension are set as the node held in each 
array waveguide diffraction skeleton pattern filter. 

[Claim 5] The hyper-cube mold INTAKONEKUSHON network characterized by being 
the configuration set as the relation in which the optical frequency by which routing is 
carried out between input/output port according to the difference of an I/O node 
number in a hyper-cube mold INTAKONEKUSHON network according to claim 1 to 4 
about the number of the node connected to the input/output port of an array 
waveguide diffraction-grating mold filter becomes fixed. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Combining much small-scale switches, a large-scale switching 
system is realized or this invention relates to the INTAKONEKUSHON network for 
realizing a highly efficient computing system combining many small-scale processors. 
It has a fixed regulation in the number and connection method which were especially 
given to the small-scale switch or the small-scale processor (it is called a "node" on 
these specifications), and is related with the hyper-cube mold INTAKONEKUSHON 
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network where a lot of information flows at high speed. 
[0002] 

[Description of the Prior Art] Drawing 18 shows an example of the logical organization 
of a hyper-cube mold INTAKONEKUSHON network. The detail of this configuration is 
writing"MulticomputerNetworks of Mr. Read and Mr. FUJIMOTO. : Message-Based 
Parallel Processing", 1987, and The MIT Press" 17-18 pages have a publication. 
[0003] In drawing, it displays in the addresses 000-1 1 1 to which eight nodes are given 
by each. A hyper-cube mold INTAKONEKUSHON network is a configuration which has 
a link among the nodes from which only 1 bit differs, when eight nodes arranged at 
three (= log28) dimensions measure with the address of other nodes the bit of each 
digit of the node address which indicated by binary. For example, a node 000, a node 
001 and a node 010, and a node 100 are connected mutually (the thick wire in drawing 
shows). 

[0004] The link of such a hyper-cube mold INTAKONEKUSHON network has 
conventionally many which are depended on an electrical signal, and when there are 
few nodes, between nodes is combined with wiring of a back board on a board. 
Moreover, when the number of nodes increased, what combines between cabinets 
with an electrical cable was common. 
[0005] 

[Problem(s) to be Solved by the Invention] The number of links which each node of a 
hyper-cube mold INTAKONEKUSHON network has is given by number-of^dimension 
= log2 (the number of nodes) of the number of I/O link groups = network of each node. 
Therefore, if a network scale becomes large, the hard amount for INTAKONEKUSHON 
will increase. 

[0006] In order to reduce this hard amount, how a time-sharing bus realizes the link 
between nodes is considered. However, in the INTAKONEKUSHON network where a 
lot of information flows at high speed, the capacity of a bus becomes the factor which 
restricts a system-wide capacity. Moreover, in the case of the optical link, how to 
realize by optical frequency (or wavelength) multiplex bus is considered. However, if a 
scale becomes large, according to the number of links, the required number of optical 
frequency (wavelength) will become large, and it becomes the factor to which a 
system-wide capacity is restricted too. 

[0007] This invention aims at offering the hyper-cube mold INTAKONEKUSHON 
network which can pass a lot of high-speed information in a small hard amount. 
[0008] 

[Means for Solving the Problem] The hyper-cube mold INTAKONEKUSHON network 
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of this invention It has the optical frequency routing function in which an output port 
is determined according to the location and optical frequency of input port. The array 
waveguide diffraction-grating mold filter by which the output optical link of a 
predetermined node is connected to input port, and the input optical link of a 
predetermined node is connected to an output port is arranged. Each node The optical 
frequency which carries out optical frequency multiplex [ of the lightwave signal of 
two or more predetermined optical frequency ], sends out to an output optical link, 
has the function which carries out optical frequency separation of the optical 
frequency multiple signal inputted from the input optical link, and is received, and is 
further used for every node. The input/output port of the array waveguide diffraction 
skeleton pattern filter to connect is set up so that each node may fill the connection 
relation of a hyper-cube (claim 1). 

[0009] Furthermore, the ** node group from which the number of "1 " turns into even 
number when the address of all nodes is indicated by binary, Classify into two of the 
** node groups from which the number of "1 " turns into odd number, and it has two 
array waveguide diffraction-grating mold filters. The output optical link of the node of 
a ** node group is connected to the input port of the 1 st array waveguide 
diffraction-grating mold filter. It is the configuration of connecting the input optical 
link of the node of a ** node group to an output port, connecting the output optical 
link of the node of a ** node group to the input port of the 2nd array waveguide 
diffraction-grating mold filter, and connecting the input optical link of the node of a ** 
node group to an output port (claim 2). 

[0010] Furthermore, each node which forms the reserve input/output port which 
connects a reserve node to an array waveguide diffraction-grating mold filter, and 
contains a reserve node the function to which it carries out adjustable [ of the 
transmitted optical frequency ], and the function to which it carries out adjustable [ of 
the received optical frequency ] — containing — present, when the node of business 
becomes a failure The specific transmitted optical frequency and the received optical 
frequency of a node which are connected to the failure node due to a hyper-cube 
through an array waveguide diffraction skeleton pattern filter It is the configuration 
changed according to the transmitted optical frequency and received optical 
frequency which changed to the optical frequency linked to reserve input/output port 
and changed the transmitted optical frequency and received optical frequency of a 
reserve node by the specific node (claim 3). 

[001 1] Furthermore, it is the configuration that the transmitted optical frequency and 
received optical frequency by which routing is carried out to the input/output port for 
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extension are set as the node which arranges two or more array waveguide 
diffraction-grating mold filters which have input/output port for extension, connects 
the input/output port for extension of each array waveguide diffraction-grating mold 
filter to the relation of a hyper-cube through the optical link for extension, and is held 
in each array waveguide diffraction-grating mold filter (claim 4). 
[0012] Furthermore, it is the configuration set as the relation in which the optical 
frequency by which routing is carried out between input/output port according to the 
difference of an I/O node number about the number of the node connected to the 
input/output port of an array waveguide diffraction-grating mold filter becomes fixed 
(claim 5). 
[0013] 

[Function] With the configuration of claim 1, between each node is connectable with a 
setup of the optical frequency in each node according to the regulation of a 
hyper-cube by using the routing function by the optical frequency of an array 
waveguide diffraction skeleton pattern filter. Thereby, the link between nodes required 
by the network number of dimension (= log2 [the number of nodes]) originally is 
reducible to 1 set per node optical frequency multiplex. Moreover, by the routing 
function of an array waveguide diffraction skeleton pattern filter, repeat use of optical 
frequency is attained between different nodes, and a large-scale network can consist 
of comparatively small optical frequency. 

[0014] With the configuration of claim 2, routing from a ** node to a ** node is 
performed by one array waveguide diffraction skeleton pattern filter, and routing from 
a ** node to a ** node is performed by the array waveguide diffraction skeleton 
pattern filter of another side. That is, it can respond with two small-scale array 
waveguide diffraction-grating mold filters using the relation of a hyper-cube, and the 
number of the optical frequency to be used can also be reduced further. 
[0015] When the I/O link between a node or an array waveguide diffraction-grating 
mold filter becomes a failure by the configuration of claim 3, the change to a reserve 
node from a failure node can be performed by changing the transmitted optical 
frequency and received optical frequency of a related node. A large-scale hyper-cube 
mold INTAKONEKUSHON network is realizable with the configuration of claim 4, 
combining a comparatively small-scale hyper-cube mold INTAKONEKUSHON network 
(submodule) two or more. Although the number of links corresponding to the number 
of nodes is originally needed whenever it doubles a scale, it can respond by the optical 
frequency multiplex by this configuration in 1 set of I/O optical links. Moreover, 
between the links which connect a different submodule, repeat use of optical 
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frequency is attained and a large-scale network can consist of comparatively small 
optical frequency. 

[0016] Since the optical frequency which will be used if the difference of the node 

number of an output side and the node number of an input side is the same also 

becomes the same by the configuration of claim 5, the number of the optical 

frequency used on the whole is further reducible. 

[0017] 

[Example] 

(Example corresponding to claim 1) Drawing 1 shows the configuration of the 1st 
example of this invention. Here, the case of eight nodes (three dimension) is shown. In 
drawing, it displays in the addresses 000-11 1 to which eight nodes are given by each. 
Nodes 000-1 1 1 have the transceiver section 10, the optical multiplexing machine 21, 
and an optical separator 22, respectively. The I/O optical link of nodes 000-1 1 1 is 
connected to the input/output port 0-7 of the array waveguide diffraction-grating 
mold filter 30 in order. 

[0018] The input/output port of the array waveguide diffraction-grating mold filter 30 
and the relation of optical frequency are shown in drawing 2 . The light of optical 
frequency fO. f1, f2, — , f7 inputted from input port 0 is outputted to output ports 0, 1 , 
2, — , 7, respectively. The light of optical frequency fO, f 1 , f2, f3, f4, f5, f6, and f7 
inputted from input port 5 is outputted to output ports 3, 4, 5, 6, 7, 0, 1, and 2, 
respectively. 

[0019] In this example, it connects with the address of each node so that the binary 
display of the input/output port number of the array waveguide diffraction-grating 
mold filter 30 may correspond. That is, the input port 0, 1, 2, — . 7 of the array 
waveguide diffraction-grating mold filter 30 is connected with the optical multiplexing 
machine 21 of nodes 000, 001 . 01 0, — , 1 1 1 . The output ports 0, 1 , 2, — 7 of the array 
waveguide diffraction-grating mold filter 30 and the optical separator 22 of nodes 000, 
001, 010, — 111 are connected. 

[0020] Here, in order to connect each node to a hyper-cube mold, the optical 
frequency which carried out hatching is used for the table of drawing 2 between 
corresponding nodes. For example, in order to connect a node 000 and nodes 001, 010, 
and 100, optical frequency f1, f2, and f4 is used, respectively. If the optical frequency 
multiplex light of optical frequency f 1 , f2, and f4 is inputted into the input port 0 of the 
array waveguide diffraction-grating mold filter 30, the light of optical frequency f1. f2, 
and f4 will be outputted from output ports 1, 2, and 4, respectively (a thick wire shows 
to drawing 1 ) f and will be sent out to the node which corresponds, respectively. 
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Moreover in order to connect a node 101 and nodes 001, 100, and 111, optical 
frequency f1, f4, and f6 is used, respectively. If the optical frequency multiplex light of 
optical frequency f1 , f4, and f6 is inputted into the input port 5 of the array waveguide 
diffraction-grating mold filter 30. the light of optical frequency f1, f2, and f4 will be 
outputted from output ports 4, 7, and 1 , respectively (a thick wire shows to drawing 1 ), 
and will be sent out to the node which corresponds, respectively. 
[0021] Thus, each node is connectable with a hyper-cube mold using the routing 
function by the optical frequency of the array waveguide diffraction-grating mold filter 
30 by choosing the optical frequency which connects through the array waveguide 
diffraction-grating mold filter 30, and uses each node by each node. Thereby, two or 
more optical links outputted and inputted by each node can be made into one by I/O 
using an optical frequency multiplex technique, respectively. 
[0022] In addition, generally it is 2k. A k-dimensional hyper-cube mold 
INTAKONEKUSHON network can be constituted by choosing optical frequency 
suitably using the array waveguide diffraction-grating mold filter which has 
input/output port more than a book. Drawing 3 shows the example of a configuration 
of a node 000. The transceiver section 10 is constituted in drawing by the sending 
circuit 1 1 which outputs the electrical signal transmitted to nodes 001, 010, and 100, 
the light source 12-1 which changes each electrical signal into the lightwave signal of 
optical frequency f1, f2, and f4, 12~2, 12-3, the electric eye 13-1 that changes the 
lightwave signal of optical frequency f1, f2, and f4 into an electrical signal, 13-2, 13-3, 
and the receiving circuit 14 that inputs each electrical signal. The optical multiplexing 
machine 21 and an optical separator 22 carry out multiplexing/demultiplexing of the 
lightwave signal of optical frequency f 1 , f2, and f4. 

[0023] It is multiplexed with the optical multiplexing vessel 21 , and the lightwave signal 
of the optical frequency f1, f2, and f4 outputted from the light source 12-1, 12-2, and 
12-3 is sent out to an output optical link. This optical frequency multiple signal is 
inputted into the input port 0 of the array waveguide diffraction skeleton pattern filter 
30, and routing is carried out to output ports 1 , 2, and 4. On the other hand, the 
lightwave signal of the optical frequency which carried out hatching in the direction of 
a train of the table of drawing 2 is multiplexed by each output port of the array 
waveguide diffraction skeleton pattern filter 30, and it is sent out to the input optical 
link connected to each node. The optical frequency multiple signal of optical 
frequency f 1 . f2, and f4 is outputted to the output port 0 connected to a node 000. It 
is separated spectrally into the lightwave signal of each optical frequency with an 
optical separator 22, and this optical frequency multiple signal is inputted into an 
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electric eye 13-1, 13-2, and 13-3. 

[0024] In addition, the optical frequency multiplex function in the optical multiplexing 
machine 21 is realizable also with an optical unification vessel like an optical star 
coupler. The optical frequency isolation in an optical separator 22 can also realize the 
optical turnout and optical frequency filter like an optical star coupler. Other nodes 
are also the same configurations. When each input/output port of each node and the 
array waveguide diffraction-grating mold filter 30 has the connection relation shown in 
drawing 1 , each node has two or more light sources oscillated with the optical 
frequency shown in the table of drawing 2 by hatching. 

[0025] (Example corresponding to claim 2) Drawing 4 shows the configuration of the 
2nd example of this invention. Here, the case of eight nodes (three dimension) is 
shown. In drawing, it displays in the addresses 000-1 1 1 to which eight nodes are given 
by each, and classifies into two, the ** node group (nodes 000, 011,101, and 1 1 0) from 
which the number of "1" of the address turns into even number, and the ** node 
group (nodes 001, 010, 100, and 111) from which the number of "1" turns into odd 
number. In a hyper-cube mold INTAKONEKUSHON network, since the nodes from 
which 1 bit of node addresses differs are connected, direct continuation of ** nodes 
and the ** nodes is not carried out. 

[0026] Therefore, even if it connects separately the optical link from a ** node to a ** 
node, and the optical link from a ** node to a ** node using two array waveguide 
diffraction-grating mold filters 30-1 and 30-2, an equivalent hyper-cube mold 
INTAKONEKUSHON network is logically realizable with the configuration of drawing 1 . 
That is, the output optical link of nodes 000, 01 1, 101, and 1 10 is connected to the 
input port 0, 1, 2, and 3 of the array waveguide diffraction-grating mold filter 30-1, and 
the input optical link of nodes 001 ,010, 1 00, and 1 1 1 is connected to output ports 0, 1 , 
2, and 3. Moreover, the output optical link of nodes 001, 010, 100, and 1 1 1 is 
connected to the input port 0, 1,2, and 3 of the array waveguide diffraction-grating 
mold filter 30-2, and the input optical link of nodes 000, 011, 101, and 1 1 0 is 
connected to output ports 0, 1, 2, and 3. 

[0027] The array waveguide diffraction-grating mold filter 30-1, the input/output port 
of 30-2, and the relation of optical frequency are drawing 5 (a) and (b). It comes to be 
shown. Hatching of the optical frequency used between each node is carried out. It 
turns out that each node is connectable with a partner's node using optical frequency 
fO, f1, andf2. 

(Example corresponding to claim 3) Drawing 6 shows the configuration of the 3rd 
example of this invention. Here, the configuration equipped with the reserve node 
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which substitutes for one node acting as a failure in the case of eight nodes (three 
dimension) shown in the 1st example ( drawing 1 ) is shown. 

[0028] In drawing, it displays in the addresses 000-1 1 1 to which eight nodes are given 
by each. Here, a node 101 shall serve as a failure and shall change connection with the 
nodes 001, 100, and 111 of the connection place of a node 101 to the reserve node 
S101. The input/output port of the array waveguide diffraction-grating mold filter 30 
and the relation of optical frequency come to be shown in drawing 7 . 
[0029] When the optical frequency f6 used in order to connect a node 001 to a node 
101, if a node 101 becomes a failure is changed to fO, a node 100 changes optical 
frequency fO to f3 and a node 1 1 1 changes optical frequency f3 to f6, it can change to 
the reserve node S101 from a node 101 (change from the thick dashed line of drawing 
6 to a thick line). In addition, the optical frequency of the light source of the reserve 
node S101 is set as f0 f f3, and f6. 

[0030] Thus, in order to have a reserve node and to enable the change to a reserve 
node at the time of failure generating, it is necessary to make the light source 12 into 
the source of a frequency good light variation, to use the optical multiplexing machine 
21 as an optical unification machine without an optical frequency dependency, and to 
use an optical separator 22 as a good light variation splitter. In addition, the electric 
eye 13 of the special management to optical frequency changing is unnecessary when 
using a photodiode with a large ready-for-receiving ability optical frequency band. The 
example of a configuration of the node at this time is shown in drawing 8 . 
[0031] As a good light variation splitter, the optical turnout 24 and the optical 
frequency adjustable filters 25-1 to 25-3, such as an optical star coupler, are used, 
using the optical star coupler 23 as an optical unification machine, using the frequency 
adjustable laser 15-1 to 15-3 as a source of a frequency good light variation. When 
the change to a reserve node is needed, the optical frequency of the frequency 
adjustable laser 15-1 to 15-3 is changed, and the transmitted light frequency of the 
optical frequency adjustable filter 25-1 to 25-3 is changed. 

[0032] (Example corresponding to claim 4) Drawing 9 shows the configuration of the 
4th example of this invention. Here, by using as a submodule the hyper-cube mold 
INTAKONEKUSHON network which consists of eight nodes, and connecting four 
submodules mutually in the optical link for extension explains the case where the 
hyper-cube mold INTAKONEKUSHON network of 32 nodes is constituted. When the 
address of each submodule is set to 00, 01, 10, and 11, the node address of each 
submodule is expressed with the form which added the address of a submodule to the 
high order. 
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[0033] Since it is easy, only an array waveguide diffraction-grating mold filter is shown 
as each submodules 00, 01, 10, and 1 1 by a diagram, and the node connected to 
input/output port is omitting. The optical link 41 for extension is connected according 
to the connection regulation of a hyper-cube mold INTAKONEKUSHON network. That 
is, there is no connection of the submodule 00 and the submodule 11, and it is 
connected to both submodules 01 and 10, respectively. The input/output port of each 
array waveguide diffraction-grating mold filter of the submodules 00-1 1 and the 
relation of optical frequency come to be shown in drawing 10 . Hatching of the optical 
frequency used between each node is carried out. As shown here, each node needs 
the configuration which can respond to five optical frequency. 

[0034] The optical link from the nodes 000-1 1 1 held in each submodule is connected 
to the input/output port 0-7 of the submodules 00, 01, 10, and 11. Optical frequency 
multiplex [ of the lightwave signal from eight input port ] is carried out at the maximum, 
it separates into each output port of the submodule of a connection place, and the 
optical frequency multiple signal is inputted into the node connected there in the 
optical link 41 for extension connected to the output ports 8 and 9 of each submodule. 
For example, in connecting the node 000 of the submodule 00, and the node 000 of the 
submodule 10, it uses optical frequency f9. This lightwave signal is inputted into input 
port 0 from the node 000 of the submodule 00, and routing of it is carried out to that 
output port 9, it is inputted into the input port 9 of the submodule 10 through the 
optical link 41 for extension, and routing is carried out to that output port 0, and it 
reaches the node 000 of the submodule 10. 

[0035] In addition, although the optical link 41 for extension is connected to 
input/output port 8 and 9 in drawing 9 , it is not necessary to be necessarily the port 
of the edge of an array waveguide diffraction-grating mold filter. For example, the 
optical link 41 for extension may be connected to ports 4 and 5. Generally, since an 
array waveguide diffraction-grating mold filter has loss as large as the port of an edge, 
the optical link 41 for extension which connects two steps of array waveguide 
diffraction-grating mold filters becomes advantageous [ using the port of a center 
with little loss ]. 

[0036] (Example corresponding to claim 5) Drawing 1 1 shows the configuration of the 
5th example of this invention. Here, the example which made reverse sequence of 
connection between the output port of the array waveguide diffraction-grating mold 
filter 30 and each node in the case of eight nodes (three dimension) shown in the 1st 
example ( drawing 1 ) is shown. In drawing, the output optical link from nodes 000, 001 , 
010, — , 111 is connected to the input port 0, 1, 2, — , 7 of the array waveguide 
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diffraction-grating mold filter 30, and the input optical link to nodes 111, 110, 101, — , 
000 is connected to it in output ports 0, 1,2, — , 7. Thereby, in the combination of all 
nodes, as shown in Table 1, if the difference of the node number of an output side and 
the node number of an input side is the same, the optical frequency to be used will 
also become the same. 
[0037] 
[Table 1] 




-7. 1 

f6 

-6. 2 

f5 

-5. 3 

M 

-4. 4 

f3 

-3. 5 

f2 

-2, 6 

fl 

-1.7 

fo 

0 

f7 


[0038] Therefore, the input/output port of the array waveguide diffraction-grating 
mold filter 30 and the relation of optical frequency come to be shown in drawing 1 2 . In 
order to connect each node to a hyper-cube mold, the optical frequency which carried 
out hatching is used for the table of drawing 1 2 between corresponding nodes. It turns 
out that the optical frequency used on the whole is set to five, fO, f 1 , f3, f5, and f6. 
Since 6 optical frequency was required of the configuration of the 1st example shown 
in drawing 2 , the number of the optical frequency to be used is reducible. Also in the 
example shown below, it is the same. 

[0039] (Example corresponding to claim 5) Drawing 1 3 shows the configuration of the 
6th example of this invention. Here, by using the hyper-cube mold 
INTAKONEKUSHON network of the 5th example ( drawing 1 1 ) as a submodule, and 
connecting four submodules mutually in the optical link for extension explains the 
case where the hyper-cube mold INTAKONEKUSHON network of 32 nodes is 
constituted. 

[0040] Since it is easy, only an array waveguide diffraction-grating mold filter is shown 
as each submodules 00, 01, 10, and 1 1 by a diagram, and the node connected to 
input/output port is omitting. The optical link 41 for extension is connected according 
to the connection regulation of a hyper-cube mold INTAKONEKUSHON network. That 
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is, there is no connection of the submodule 00 and the submodule 1 1, and it is 
connected to both submodules 01 and 10, respectively. The input/output port of each 
array waveguide diffraction-grating mold filter of the submodules 00-1 1 and the 
relation of optical frequency come to be shown in drawing 14 and drawing 1 5 . 
Hatching of the optical frequency used between each node is carried out. 
[0041] By the submodules 00 and 1 1, as for a different point from the configuration 
shown in the 4th example ( drawing 9 , drawing 1 0 ), the sequence of a node and the 
optical link for extension that the sequence of the node connected to an output port 
and the optical link for extension is connected to input port by the submodules 01 and 
10 by becoming reverse becomes reverse. Also in this example, in the combination of 
all nodes, if the difference of the node number of an output side and the node number 
of an input side is the same, the optical frequency to be used will also become the 
same. 

[0042] (Example corresponding to claim 5) Drawing 1 6 shows the relation of the node 

number connected with the input/output port of the 7th example of this invention, and 

optical frequency. This is applied to the hyper-cube mold INTAKONEKUSHON 

network of 16 nodes like the configuration of the 2nd example ( drawing 4 ) using two 

array waveguide diffraction skeleton pattern filters of eight ports. 

[0043] It is the example which assigned the node so that the difference of the node 

number connected to the input/output port of an array waveguide diffraction-grating 

mold filter and the optical frequency between input/output port might become the 

relation shown in Table 2. 

[0044] 

[Table 2] 







-14 

-6. 

2. 

10 

fl 

-ia 

- 5, 

3. 

11 

f2 

-12. 

-4. 

4. 

12 

f3 

-11. 

-3. 

5. 

13 

f4 

-10, 

-2. 

6, 

14 

f5 

- a 

- 1. 

7, 


f6 

- a 

0, 

8, 


f7 

- 7. 

1. 

9. 


fO 


[0045] For assignment of such a node, the remaining digits except the most significant 
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bit when indicating each node number by binary, as shown in drawing 17 are (a). It is 
(b) so that it may become with ascending order in the case of a ** node. It is obtained 
by in the case of a ** node, arranging so that it may become descending order. 
[0046] 

[Effect of the Invention] As explained above, this invention can realize a simple 
hyper-cube mold INTAKONEKUSHON network physically with the small number of 
links by using the optical frequency routing function of an array waveguide diffraction 
skeleton pattern filter. And the number of the optical frequency to be used has the 
advantage which does not exceed the number of nodes. 

[0047] With the configuration of claim 2, it can respond with two small-scale array 
waveguide diffraction-grating mold filters using the relation of a hyper-cube, and the 
number of the optical frequency to be used can also be reduced further. It is not 
necessary to re-cover a link physically at the time of a failure, and the change of a 
failure node and a reserve node can be easily performed only by changing the optical 
frequency in a related node with the configuration of claim 3. 
[0048] With the configuration of claim 4, a large-scale hyper-cube mold 
INTAKONEKUSHON network is realizable with the small number of links, combining a 
comparatively small-scale submodule two or more. And the number of the optical 
frequency to be used has the advantage which does not exceed the number which 
applied the number for extension of links to the number of nodes in a submodule, i.e., 
the number of input/output port of an array waveguide diffraction-grating mold filter. 
[0049] With the configuration of claim 5, the network constituted from one array 
waveguide diffraction-grating mold filter is realizable with the number of still smaller 
optical frequency. That is, according to the connection regulation of a hyper-cube 
mold INTAKONEKUSHON network, since it is set to **2i (i= 0, 1 and 2, — , n-1, and n 
are a network number of dimension (- log2 [the number of nodes])), the difference of 
the node number connected mutually is 2n. In the network which holds a node in one 
array waveguide diffraction-grating mold filter, there is an advantage which can 
respond with at most 2n optical frequency. 


[Translation done.] 
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